Introduction
Since the antibiotics as feed additives are banned in European Union, extensive efforts have been made to find the alternatives to regulate intestinal microbiota. Prebiotics seem to be one of the most promising group of substances that may exert such properties (Cheng et al., 2014) . Prebiotics are defined as a 'non-digestible food ingredients that beneficially affect the host by selectively stimulating the growth and/or activity of one or a limited number of bacteria in the colon, thus improving host health'. Inulin type-fructans (ITF), i.e. inulin and fructooligosaccharides fulfil these criteria (Gibson and Roberfoid, 1995) . Ingestion of ITF significantly changes the gut microbiota composition, favouring the growth of bifidobacteria and/or lactobacilli (Seifert and Watzl, 2007) . These beneficial bacterial groups affect metabolism of the host through e.g., increased short-chain fatty acid (SCFA) formation (Seifert and Waltz, 2007) .
SCFAs directly contribute to the enhancement of intestinal absorption of Ca, Mg and Fe (Yasuda et al., 2006 (Yasuda et al., , 2009 Scholz-Ahrens and Schrezenmeir, 2007) .
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Additionally, butyrate is largely metabolized by the colonic epithelium. The remaining pool of SCFAs is absorbed via colonic mucosa and affects peripheral tissue metabolism. ITF indirectly exert multiple systemic effects, including plasma and liver lipid regulation, improvement of immunological status (Lepczynski et al., 2015) and bone mass enhancement (Abrams et al., 2005) . The results of our recent study showed significant changes in expression of hepatic proteins involved in energetic metabolism and oxidative stress prevention in young pigs in response to diets supplemented with either native inulin or dried chicory root (Lepczyński et al., 2016) . Moreover, Nasiri et al. (2014) demonstrated detoxifying properties of chicory inulin. So, the aim of the present study was to estimate the influence of dietary supplementation with dietary chicory root and native chicory inulin on biochemical profile of blood plasma that can reflect liver and mineral status in growing pigs.
Material and methods

Animals, diets and housing
The experimental protocols were approved by the Local Commission of Ethics for the Care and Use of Laboratory Animals (No. 13/2012). The experiment was carried on 24 castrated male piglets (PIC × Penarlan P76) divided into 3 groups (n = 8). Animals were fed from the day 10 of life unsupplemented cereal-based diet (control, C diet), diet with 2% of native chicory inulin (T1 diet), with an average degree of polymerization (DP) ≥10, or with 4% of dried chicory root (T2 diet) ( Table 1 ). The ITF level was similar (approximately 2%) in both T1 and T2 diets.
Until weaning at 28 day of life, the piglets were kept with their sows in farrowing pens on a commercial farm (4 litters per group). Then, 2 piglets from each litter were chosen and transported to the experimental facility, where they were divided according to dietary treatment and placed into pens of 4 piglets each (2 pens per group). Housing temperature was maintained at 25 °C and dark : light cycle was set at 12 h light : 12 h dark. The animals had free access to feed and water throughout the experiment. After 40 days of feeding on experimental diets (50 day of life), the pigs were sacrificed by electrocution and exsanguinated. Blood samples were collected into heparinized tubes, centrifuged at 3000 rpm for 10 min at 4 °C and plasma for biochemical analyses was stored at −40 °C until used.
Analysis of biochemical parameters of blood plasma
The content of total protein, albumin, urea, creatinine and total bilirubin, activity of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), γ-glutamyltransferase (GGT), lactate dehydrogenase (LDH), creatine kinase (CK), amylase (AMY) and cholinesterase (CCK), total iron binding capacity (TIBC), and content of iron, calcium, phosphorus, magnesium and chloride in blood plasma were determined spectrophotometrically on a MAXMAT PL multidisciplinary diagnostic platform (Erba Diagnostics France SARL, Montpellier, France) using readyto-use reagents (ELITech Group, Puteaux, France).
Statistical analysis
Data were analysed by one-way analysis of variance, followed by post hoc Tukey's HSD test using STATGRAPHICS ® Centurion XVI ver. 16.1.03 statistical package (StatPoint Technologies, Inc., Warrenton, VA, USA). The effects were considered to be significant at P ≤ 0.05. 
Results and discussion
The most pronounced changes in analysed blood plasma parameters were observed in pigs fed T2 diet (Table 2) . Plasma albumin concentration in those pigs was higher than in animals fed C diet. Feeding T2 diet significantly increased AST, ALT and ALP activity in comparison with animals fed T1 diet. Plasma GGT activity was significantly lower in the pigs fed T2 diet as compared with other groups. Significant increase in plasma iron concentration was observed in the animals fed T2 diet and slightly increased calcium level -in both treatment groups.
Both total protein and albumin concentrations in blood plasma are considered as markers of the liver functioning, reflecting partly its nutritional status (Kang, 2013) . In the present study, unaffected total plasma protein and increased plasma albumin level in pigs fed both experimental diets may indicate physiological liver and gallbladder functions. The slight increase of serum albumin content after supplementation with chicory was noticed by Hassan and Yousef (2010) in rats. Increased activity of AST, ALT and ALP was observed in animals fed diet supplemented with dried chicory root. This is in agreement with the data obtained by the Nasiri et al. (2014) in rats fed chicory in the amount of 1 g • kg −1 of body weight. On the other hand, Hassan and Yousef (2010) showed ameliorating effect of chicory inulin and chicory root against various chemical compounds, which was manifested by decreased activity of the liver enzymes in blood serum. The elevated levels of plasma ALP activity observed in the present study, are more likely due to increased bone formation than to the liver response. The above may be confirmed by the fact that we showed significantly lower plasma activity of GGT in pigs fed diet with chicory root addition. Kang (2013) suggested that increased ALP activity with the significant increase in GGT activity must originate from the liver rather than metabolic activity of bones. Additionally, in human adolescents predominant ALP serum activity derives from bone origin ALP fraction as the effect of intense skeletal growth (Van Hoof et al., 1990; Kang, 2013) . Serum total ALP activity is proposed as a marker of bone formation and osteoblast activity in growing adolescent pigs (Tymczyna et al., 2012) . It is also noteworthy that bones morphology and their metabolic processes in pigs are similar to those evidenced in humans (Smink et al., 2003) . In these groups slight increase in blood plasma calcium concentration was observed. Effectiveness of dietary supplementation with fructans on intestinal calcium absorption and bone mineralization have been confirmed in young adolescents. Moreover, it has been evidenced that the most impressive effects are observed when mixture of fructans with both high and low DP are used (Abrams et al., 2005) . The dose-depend relation between dietary ITF and bone mineralization was confirmed (Scholz-Ahrens et al., 2002) . It was also demonstrated that polyphenols that are present in the chicory root have the ability to enhance osteogenesis (Chen et al., 2005) . Most likely the observed increase in ALP activity in animals fed dried chicory root results from escalated bone mineralization process as an effect of wide spectrum of short-and long-chain ITF and polyphenolic compounds present in dried chicory root.
In the present study, increased level of plasma iron in pigs fed diet supplemented with dried chicory root was observed. In pigs fed diet containing 2% of inulin slight increase in iron concentration was also demonstrated. The effect of inulin supplementation on iron bioavailability in weanling pigs fed with maize-soyabean-based diet was showed by Yasuda et al. (2006) . The authors observed dose- dependent relation between inulin level and blood haemoglobin concentration. The highest utilization of iron, intrinsically present in maize-soyabeanbased diet, was reported when 4% of inulin was implemented to the diet. It should be pointed out that the most pronounced changes were observed after at least 5 weeks of inulin ingestion. The authors also confirmed that feeding diet with 4% inulin addition increases soluble iron concentration in three segments (proximal, middle and distal) of the colon. Weaning piglets fed diet supplemented with 4% of inulin with different DP: n = 10-60 (Raftaline HP); n = 2-7 (Raftilose P95); 1:1 mixture of HP and P95 (Synergy1) had higher blood haemoglobin and haematocrit values in comparison to the animals fed control diet (Yasuda et al., 2009) . Furthermore, pigs fed all mentioned types of inulin had increased ferritin expression in the liver and mucosa of caecum and colon on both transcript and protein level (Tako et al., 2008; Yasuda et al., 2009) . Dietary inulin caused up-regulation of genes encoding iron transporters in colonocytes of weaned pigs. Surprisingly, the same effect was observed in the duodenum, suggesting that inulin itself, not only its fermentation products, may also affect gene expression in enterocytes (Tako et al., 2008) . In the present study, increased iron concentration, observed in blood plasma of pigs fed chicory root, can be the effect of synergy between fructans and other biological substances present in chicory.
Conclusions
Dietary fructans and dried chicory root, as their source, do not affect liver functioning. Feeding diet supplemented with dried chicory root significantly improves plasma iron concentration in growing pigs. Additionally, dried chicory root may also increase calcium concentration in blood plasma which, in turn, may enhance bone mineralization and growth in young animals. Nevertheless, to confirm this hypothesis further studies are necessary.
